We report the discovery of the first unambiguous case of resolved double-peaked Balmer emission in a tidal disruption event (TDE), AT 2018hyz, that serves as a clear indication of an accretion disk. We modelled the Hα emission line with a low eccentricity (e ≈ 0.1) accretion disk extending out to ∼100 R p and a Gaussian component originating from non-disk clouds. Our analysis indicates that in AT 2018hyz, disk formation took place promptly after the most-bound debris returned to pericenter, which we estimate to be roughly tens of days before the first detection. Redistribution of angular momentum and mass transport, possibly through shocks, must occur on the observed timescale of about a month to create the large Hα-emitting disk that comprises 10% of the initial stellar mass. With these new insights from AT 2018hyz, we infer that efficient circularization may be common among optically-detected TDEs despite their lack of double-peaked emission, which can be largely affected by the disk inclination angle and the relative strength of the disk contribution to the non-disk component.
INTRODUCTION
When a hapless star approaches too close to a supermassive black hole (SMBH) it will be torn apart by tidal forces (Hills 1975; Rees 1988) . After the disruption, a nascent accretion disk is expected to form and produce a luminous flare (Hills 1975; Frank & Rees 1976) . These bright transients have been observed at the centers of quiescent galaxies, and evolve distinctly from supernovae, leading to their identification as tidal disruption events (TDEs).
In the past decade, wide-field ground-based optical time domain surveys have discovered tens of TDEs, which affords us the opportunity to study these rare phenomena extensively across the electromagnetic spec-trum. Until now, only a small fraction (∼10%) of TDEs is detected with X-ray emission, where the presence of an accretion disk can be confidently established (e.g. Miller et al. 2015; Holoien et al. 2016a; Kara et al. 2018) . For the majority of the optically discovered TDEs, there has been no clear proof (Gezari et al. 2012; Holoien et al. 2016b; Hung et al. 2017 ) that the infalling stellar debris is able to circularize and form an accretion disk Bonnerot et al. 2016; Gezari et al. 2017; Guillochon et al. 2014; Guillochon & Ramirez-Ruiz 2015; Dai et al. 2013 Dai et al. , 2015 . Whether an accretion disk can form promptly following a TDE has long been a debate as alternative mechanisms such as streamstream collision are thought to be capable of powering the UV/optical emission in an optically discovered TDE even when disk formation is inefficient Bonnerot et al. 2017 ).
Here we report the tell-tale evidence of an accretion disk in a nearby TDE called AT 2018hyz (also known as . AT 2018hyz is a TDE first detected on 6 Nov 2018 with an apparent V -band magnitude of 16.4 by the All-Sky Automated Survey for Supernovae (Shappee et al. 2014 ). The transient is coincident with the center of the galaxy 2MASS J10065085+0141342 at z = 0.0457 that is absent of pre-flare nuclear activity. An archival Sloan Digital Sky Survey (SDSS) spectrum of the nucleus of 2MASS J10065085+0141342 displays strong Balmer absorption lines that are characteristic of an E+A galaxy, a rare subtype of post-starburst galaxies in which TDEs are preferentially discovered (Arcavi et al. 2014; French et al. 2016; Graur et al. 2018) . Following the spectroscopic classification of AT 2018hyz as a TDE (Dong et al. 2018) , we triggered photometric and spectroscopic monitoring spanning about a year in time.
The discovery of double-peaked emission features in the spectra of AT 2018hyz clearly shows that an elliptical accretion disk (Chen et al. 1989; Eracleous et al. 1995) orbits the SMBH. Our findings suggest that the infalling debris in TDEs begins forming an accretion disk soon after the most highly bound material falls back. This accretion powers the TDE, which is a definitive sign of the presence of an otherwise dormant SMBH and a powerful diagnostic of its properties.
In this paper, we present new insights from the first TDE with well-separated double-peaked emission line profile with high S/N. This paper is structured as follows, we describe the follow-up photometric data obtained by Swift and the Swope Telescope, and optical spectra in section 2. We detail and present the results of emission line modelling in section 3. Our discussions and conclusions are presented in section 4 and section 5.
Throughout the paper, we adopt a flat ΛCDM cosmology with H 0 = 69.3 km s −1 Mpc −1 , Ω m = 0.29, and Ω Λ = 0.71 measured by the Wilkinson Microwave Anisotropy Probe (Bennett et al. 2013) . The time difference (∆t) is expressed in rest-frame time with respect to the first Swift observation, which is close to the peak of the light curve, at MJD 58428. All the data for AT 2018hyz presented here have been corrected for Milky Way foreground extinction assuming a Cardelli extinction curve (Cardelli et al. 1989 ) with R V = 3.1 and E(B − V ) = 0.0288 ± 0.0007 mag (Schlafly & Finkbeiner 2011) . Following the spectroscopic classification of AT 2018hyz as a TDE (Dong et al. 2018) , we triggered photometric and spectroscopic monitoring span-ning about 1 year in time (between November 2018 and November 2019) . Figure 1 displays the light curves of AT 2018hyz observed by the Ultraviolet Optical Telescope (UVOT; Gehrels et al. 2004; Roming et al. 2005) and simultaneously by the X-ray Telescope (XRT) onboard the Neil Gehrels Swift Observatory as well as the Swope telescope at Las Campanas Observatory. We present the values of these photometry data in Table A1 and Table A2 . The reduction of data obtained by each instrument is detailed in the following subsections.
Swope Photometry
Optical photometry of AT 2018hyz in gri was obtained with the 1-meter Swope telescope from 16 Nov 2018 to 16 Jun 2019 with a 2-5-day cadence. The images were reduced using the photpipe imaging and photometry pipeline (Rest et al. 2005 (Rest et al. , 2014 . We subtracted the bias and flattened each frame using bias and sky flat images obtained on the same night and in the same instrumental configuration as each AT 2018hyz image. The images were registered and geometric distortion was removed using 2MASS astrometric standards (Cutri et al. 2003) . Using hotpants (Becker 2015) , we subtracted pre-discovery Pan-STARRS1 (PS1) template images (Flewelling et al. 2016 ) from each Swope gri frame. For the u-band images, we used SDSS template images (Aihara et al. 2011) . We then obtained photometry of AT 2018hyz using a custom-built version of DoPhot (Schechter et al. 1993 ) and a fixed point-spread function (PSF) in the difference images themselves. The photometry is calibrated using PS1 sources in the same field and transformed into the Swope natural system (Scolnic et al. 2015) . The final difference-image photometry of AT 2018hyz is displayed in Figure 1 .
UVOT Photometry
We extracted UV light curves from a series of 38 observations obtained with the Swift Ultraviolet/Optical Telescope (UVOT) using a 5 circular aperture. Although the observations were made in all 6 UVOT filters (UVW2, UVM2, UVW1, U , B, and V ), we do not include the Swift B-and V -band data in Figure 1 since galaxy light is non-negligible in these bands and host templates cannot be obtained yet. Given that the host galaxy is of an early type that contributes very little of the observed UV light (u > 19.9 mag), we did not attempt host galaxy subtraction for the Swift light curves presented in Figure 1 .
XRT Photometry
Simultaneous Swift X-Ray Telescope (XRT) observations of AT 2018hyz were also obtained, complementing our Swift UVOT observations. All level-one XRT data were analyzed and reduced using the standard filters and screening criteria as suggested in the Swift XRT data reduction guide 1 and using the Swift XRTPIPELINE version 0.13.2 with the most up-to-date calibration files. To quantify the presence of X-ray emission at the position of AT 2018hyz, we used a source region with a radius of 50 arcseconds centerd on the position of AT 2018hyz and a source-free background region with a radius of 150 arcseconds centerd at R.A.=10h06m59.6s, Decl.= +01 • 47 56.3 (J2000). Since only a fraction of possible AT 2018hyz photons can be captured by the size of the source region, all extracted count rates are corrected for the encircled energy fraction 2 .
In most Swift XRT epochs, we do not detect X-ray emission from AT 2018hyz. In these cases, we derive a 3σ upper limit to the count rate. However, approximately 27, 29, 35 and 70 days after discovery we detect faint Xray emission arising from the source.
To convert our count rate (both upper limits and detections) into a flux, we assume an absorbed power-law model with a photon index of Γ = 2.7, which is the best-fitting value for the spectrum extracted from all Swift XRT observations combined. To merge our observations, we used XSELECT version 12.9.1c, while we used the Swift task XRTPRODUCTS to extract both source and background spectra. Ancillary response files were created using XRTMKARF, while we used the ready-made response matrix files that are available in the Swift CALDB. This merged spectrum was grouped using the FTOOLS command grppha and assumed to have a minimum of 10 counts per energy bin. To model the spectrum we used XSPEC 12.10.1f, χ 2 statistics, and assume a redshifted absorbed power law. Here we assume a column density of 2.59 × 10 20 cm −2 , which is the Galactic Hi column density in the direction of AT 2018hyz (HI4PI Collaboration et al. 2016).
Optical Spectroscopy
We obtained a total of 7 spectroscopic observations with the Kast spectrograph (Miller & Stone 1993) on the Lick Shane telescope, the Goodman spectrograph on the SOAR Telescope (Clemens et al. 2004) , and the Low-Resolution Imaging Spectrometer (LRIS) (Oke et al. 1995) on the Keck I telescope. Detailed instrumental configurations are listed in Table 1 . We performed standard spectrum extraction and flux absorp-tion with standard PyRAF 3 routines. Observations of standard stars Feige 34 and BD+284211 were used to determine the relative flux calibration and remove telluric features (Foley et al. 2003; Silverman et al. 2012; Dimitriadis et al. 2019 ). All of the spectra have been corrected for Galactic extinction. We calibrated each spectrum's absolute flux by comparing the g-band synthetic photometry of each spectrum to the photometry from Swope imaging data (including host contribution), interpolated to each spectroscopic epoch. We then subtracted the host-galaxy light using the archival SDSS spectrum after accounting for instrumental broadening. The galaxy-subtracted spectra are displayed in Figure 2 .
3. ANALYSIS AND RESULTS
Black hole Mass Estimation
We estimated the black hole mass using both theoretical modelling and the empirical M bh − σ * relation. We used the tidal disruption model implemented in MOSFit (Guillochon et al. 2018; Mockler et al. 2019) , which takes the mass fallback rate from hydrodynamical simulations (Guillochon & Ramirez-Ruiz 2013) as input and translates it into bolometric flux assuming a constant efficiency parameter. This bolometric flux is then reprocessed by a blackbody photosphere to match our observed flux. Possible time delay in the onset of accretion due to either inefficient circularization or the viscous processes in the disk is accounted for in this model using a viscous time parameter, which we derive to be smaller than the peak timescale. We simultaneously fit all extinction corrected UV and host-subtracted optical photometry in Figure 1 with MOSFiT while prohibiting the peak luminosity to exceed the Eddington limit L Edd . This constraint is in agreement with the observations, where most of the TDEs seem to be Eddington-capped Wevers et al. 2017; Blanchard et al. 2017) at the peak of their light curves. We derived a black hole mass of log 10 (M bh /M ) = 6.55 +0.17 −0.13 with a systematic error of 0.2 dex. In this luminosity range, MOSFiT determines the light-curve peak to occur at MJD 58424 +6 −4 , about 36 days after the most-bound debris falls back.
The stellar velocity dispersion measured from the SDSS spectrum is below the SDSS spectral resolution of 70 km s −1 . According to the M bh − σ * (McConnell & Ma 2013) relation, this corresponds to an upper limit of 10 5.7 M on the black hole mass, with an intrinsic scatter of ∼0.4 dex and a measurement error of 0.2 dex. Such a small black hole mass would indicate a peak lu- . Observed spectroscopic sequence of AT 2018hyz with host-galaxy light subtracted. The grey curves are the observed spectra while the colored solid curves are the observed spectra smoothed by 4.5Å. TDE emission lines are indicated by vertical grey dotted lines with labels marked. The grey shaded regions indicate the location of telluric absorption features, which have been corrected using standard-star observations. As AT 2018hyz evolves, the He I emission diminishes while the Bowen emission lines (N III and He II) become stronger. The Hα emission line evolves from a flat-topped shape in the first spectrum to double-peaked in the second to single peaked in the last spectrum on a timescale of months is unseen in other TDEs. The strong absorption feature on day 51 at around 5430Å is likely the Na I D blueshifted by ∼0.08c.
bh Figure 3 . M bh − σ * for host galaxies of TDEs (blue circles) and galaxies with black hole masses measured by Xiao et al.
(2011) (grey symbols; see shape notation in their paper). The derived black hole mass from this work is shown by the red star. Black hole masses estimated from MOSFit for TDEs are adopted from Mockler et al. (2019) (2013) relation, we find a black hole mass of 10 6.2 M with an intrinsic scatter of ∼0.5 dex, which is in better agreement with the best-fit M bh estimated by MOSFiT. It is also noteworthy that the empirical M bh − σ * relation is not well-constrained for the low-mass end. High-resolution spectroscopy of the host galaxy after AT 2018hyz has faded is required for a more precise determination of the stellar dispersion and hence the black-hole mass. For consistency when comparing with previously found Eddington-capped events, we adopt the black-hole mass of 3.5 × 10 6 M from MOSFit throughout the paper.
Temperature, Photospheric Radius, and Luminosity
The light curves of AT 2018hyz are displayed in Figure 1. Analysis of the Swift XRT observations revealed marginal soft X-ray emission (0.3-10 keV) with L X = 2.8 × 10 41 erg s −1 , which is almost three orders of magnitude fainter than the UV-optical emission.
We measured the temperature and the luminosity by assuming that the UV and optical emission is characterized by a blackbody spectrum. We also calculated the emitting radius of the blackbody with the Stefan-Boltzmann law and plotted the evolution of the blackbody radius in the left panel of Figure 4 . We find that the light curve is well described by a single-temperature blackbody (T bb = 18, 000 ± 2, 000 K) whose temperature evolves only mildly with time, and whose size is tens of times larger than the pericenter distance of the disrupted star,
(1) The evolution of the blackbody temperature and radius is similar to that of previously studied TDEs Holoien et al. 2019, e.g.) .
For AT 2018hyz, we estimate a radiated luminosity of 2.5 × 10 44 erg s −1 at peak, which translates to an Eddington ratio of 0.6 for M bh = 3.5 × 10 6 M . This places AT 2018hyz among one of a handful of the efficiently accreting TDEs, such as ASASSN-14li and PS16dtm (Brown et al. 2017; Blanchard et al. 2017) , while the majority of previously studied TDEs (mostly X-ray faint) are found to radiate at ∼10% level of the Eddington luminosity near peak Blanchard et al. 2017) .
The radiation-driven winds expected to be produced at such large luminosities naturally give rise to an extended reprocessing layer . Similar to what is observed in other optically-discovered TDEs, the luminosity evolution of AT 2018hyz closely follows the mass fallback rate of the debris streams (Holoien et al. 2014; Auchettl et al. 2017; Hung et al. 2017; Blagorodnova et al. 2017; Mockler et al. 2019; Holoien et al. 2019; van Velzen et al. 2019 ). If these TDE flares are indeed powered by accretion onto the SMBH, this would require the disk to form promptly. Our analysis indicates that in AT 2018hyz, disk formation took place soon after the most-bound debris returned to pericenter, which we estimate to be about tens of days before the first detection (see MOSFiT results in subsection 3.1). However, as in all other events, the presence of an accretion disk has not been able to be discerned directly since the disk is likely hidden from our view due to orientation effects ).
Spectroscopic Features
The most notable feature in the spectra of AT 2018hyz is the double-peaked structure in the Hα emission on day 51, which has two distinct peaks being displaced by 9320 km s −1 with the blue peak being stronger than Figure 4 . Left: Evolution of blackbody radius for AT 2018hyz. The grey circles mark the photospheric radius estimated from Swift photometry. The orange and red squares indicate the size of the semi-major axis of the inner and outer part of the best-fitting elliptical disk to our spectral observations, where the error bars mark the 1σ error. The broad-line region, which corresponds to the velocity width (σg) of the Gaussian component seen in our spectra, is shaded in yellow. The blue band marks the semi-major axis of the orbits of the returning stellar debris. The green shaded area shows the photospheric radius from the MOSFiT fit. Both the blue and green bands are bounded by a 1σ statistical error. The black crosses correspond to ASASSN observations in V -band reported on the Transient Name Server, assuming that the underlying emission is a single temperature blackbody of T bb = 18, 000 K. Right: Evolution of Hα FWHM for a sample of TDEs. Except for ASASSN-14li, all other TDEs have remarkably similar FWHM of around 10 4 km s −1 at early times. The error bars of AT 2018hyz denote the 1 − σ uncertainty. Double-peaked signatures like the one seen for AT 2018hyz would be hard to identify if they are blended with the broad Gaussian emission lines in these TDEs.
the red one ( Figure 5 ). As will be detailed in the next section, the Hα emission from day 51 to day 164 can be decomposed into disk and Gaussian components. On the other hand, the Hα emission in the first spectrum, obtained on day 27, seems to lack an obvious doublepeaked feature, and instead the entire line is characterized by a broad (FWHM ≈ 13, 500 km s −1 ) flat-topped shape. This line profile is similar to that of the TDE AT 2018zr (PS18kh) and may arise from an elliptical disk with a low inclination angle (Holoien et al. 2019) or an expanding spherical outflow (Hung et al. 2019) . We also note that the N III+He II emission, which is strongly detected in later epochs, has yet to emerge at ∆t = 27 days. On the other hand, the low-ionization He I λ5876 emission is strongest in the first spectrum.
A strong absorption feature at 5430Å is only observed in the day-51 spectrum but not in the other epochs. We identify it as Na I D blueshifted by 23,600 km s −1 similar to blueshifted absorption features detached from their rest wavelengths that have been observed in other TDEs (e.g., Hung et al. 2019) . We have also considered a highly blueshifted He I λ5876 absorption to be responsible for this absorption feature. However, this possibility is ruled out since we do not detect blueshifted absorption from He I λ3889, which is expected to be even stronger based on photoionization.
Fitting Hα emission with the Elliptical Disk Model
Following tidal disruption, the infalling material does not produce a TDE flare immediately. First material must circularize and form an accretion torus. Yet this must occur relatively quickly for the light curve to closely follow the rate of infalling debris (Guillochon & Ramirez-Ruiz 2015; Mockler et al. 2019) . The bound orbits are very eccentric and the orbital semi-major axis of the most tightly bound debris is
where R g ≈ 1.5 × 10 11 (M bh /10 6 M ) cm is the gravitational radius. If the gaseous debris suffered no internal dissipation, it would form a highly elliptical disk with a large spread in apocentric distances between the mostand least-bound orbits. After pericenter passage, the infalling gas is on orbits that can interact with the infalling streams (Ramirez-Ruiz & Rosswog 2009; Shiokawa et al. 2015; Bonnerot et al. 2016; Gezari et al. 2017; Guillochon et al. 2014; Guillochon & Ramirez-Ruiz 2015; Dai et al. 2013 Dai et al. , 2015 , giving rise to angular momentum redistributing shocks. The debris raining down would then be able to settle into a disk with the bulk of the mass stored in a disk with an outer radius ∼2R p , where R p is the pericenter distance of the star. Motivated by the predicted debris stream evolution, we use the elliptical disk model from Eracleous et al. (1995) to fit the Hα emission in our spectra. We note that Liu et al. (2017) adapted this elliptical disk model for TDEs by further assuming that the disk size and orientation are determined by the dynamics of the intersecting debris streams. Here we choose to use the original Eracleous et al. (1995) prescription to remain agnostic to the mechanism(s) setting the extent of the elliptical disk.
We first fit the Hα emission in the 51-day spectrum, which has the most prominent double-peaked feature, with an elliptical-disk model. The line profile produced by an elliptical geometrically thin, optically thick relativistic Keplerian disk has been formulated by Eracleous et al. (1995) . We constructed the model line profile by computing the line flux, F X , in their Equation 7 at each velocity/frequency grid, X, with numerical integration after specifying seven parameters. The seven elliptical disk parameters are emissivity q, inner and outer radii (ξ 1 and ξ 2 , respectively), inclination i, intrinsic broadening parameter σ disk , eccentricity e, and azimuthal angle in the plane of the disk φ. Note that the inner and outer radius are expressed in units of gravitational radius (R g ).
When fitting the entire line profile, we noticed that the best-fitting disk-only model does not capture the sharp peaks around the edges of the profile, but instead has broader peaks in order to match the high central flux. Alternatively, if we attempt to fit only the edges of the profile by excluding the central data (with |∆v| < 3000 km s −1 ), the best-fitting model, which is tabulated in Table 2 , then lacks the flux seen at the center of the line profile (shown as the green line in Figure 5 ). Clearly, a second component is needed to account for the central flux.
In order to match the full line profile, we add a Gaussian component to the disk model. We smoothed the data of the Hα emission with a boxcar function with a length of ∼5Å to erase fine structures that cannot be captured by the emission-line model. Using the emcee package (Foreman-Mackey et al. 2013), we sampled the posterior distribution of a total of ten parameters (the seven disk parameters listed above and an additional three parameters that describe the Gaussian: amplitude, center, and width, σ g ) using flat priors for each parameter over the following ranges: 1 < q < 4, 100 < σ disk < 1,000 km s −1 , 0 ≤ i < π 2 rad, 0 < e < 1, 0 ≤ φ < 2π rad, 100 < ξ 1 < 3,000 R g , and 100 < ξ 2 < 10,000 R g , −3,000 < µ 0 < 3,000 km s −1 , and 0 < σ g < 20,000 km s −1 . The posterior distributions of the model parameters are shown in Figure 6 .
The MCMC approach provides a more general description of the model parameters, instead of forcing them to be Gaussian distributed as in traditional fitting methods. In addition, we can also visualize the correlation between different parameters in the joint distributions, such as that between i, ξ 1 , and ξ 2 , which intricately control the overall width of the disk profile. From this, we derived the parameters for the two-component (diskplus-Gaussian) model and present the derived parame- ters in Table 2 and compare the best-fitting model to the spectrum in Figure 5 .
To summarize, the day-51 spectrum is best described by two distinct spectral components: a non-disk broad Gaussian component with a centroid velocity close to the systemic velocity (similar to that observed in all other TDEs), and a prominent disk/double-peak component (see Figure 5 ). The Hα line profile in the day-120 and day-164 spectra still shows a double-horned shape, despite being less prominent relative to the Gaussian component than that in the ∆t = 51 days spectrum. Therefore, when fitting the Hα emission with the MCMC in the later two epochs, we fixed the surface emissivity to the best-fit value (q = 2) from day-51 since fully independent fits could not be achieved. This value is between the emissivity index of local dissipation of gravitational energy (q = 1.5, such as seen in cataclysmic variable disks; Horne & Saar 1991) , and that of a disk illuminated by an isotropic ionizing source (q = 3; Chen et al. 1989; Wilkins & Fabian 2012) . The rest of the parameters were set to have the same flat priors as above. Although the disk parameters are less constrained in the two later epochs (Table 2) , the inclination angle, and inner/outer disk radii are still consistent with the fit for the day-51 spectrum. We find a decreased relative disk contribution to the flux over time. On day-51, the integrated flux of the disk is comparable to the Gaussian component but only 28% of the Guassian component in the day-120 spectrum. We plot the size of the elliptical disk and the BLR in all three epochs along with the photospheric radius derived from Swift photometry in the left panel of We did not attempt fitting the first spectrum (day-27) since the flat-topped line shape without visible blue-and red-shifted peaks leaves our model parameters poorly constrained. However, it is likely that the Hα emission from the ∆t = 27 d spectrum also consists of the same disk and the Gaussian component given their FWHMs do not vary significantly. The double-peaked disk feature on ∆t = 27 d may be buried due to a relatively weaker disk contribution reletively to the Gaussian component. We did not fit the Hα in the ∆t = 117 d spectrum because of its proximity in time to the ∆t = 120 d spectrum. As can be seen in Figure 2 , the line shape barely changed in this three-day period. We also omitted fitting the ∆t = 199 d spectrum because the spectral coverage does not extend redward enough to cover the entire Hα emission. The Hα in the late-time spectrum became a narrow emission line thus we did not attempt fitting it with an elliptical accretion disk.
From our analysis, we find that a quasi-circular disk (e ≈ 0.1) with a semi-major axis of about 1.2 × 10 15 cm is responsible for the double-peaked Hα emission in AT 2018hyz. In addition to Hα, other Balmer lines (Hβ and Hγ) observed at the same time (day-51) also have double-peaked line profiles that are successfully described with the same elliptical disk model (see Figure 5) , lending further support to our conclusions. From the spectrum, we also measure a flat Balmer decrement (Hα/Hβ) of 1.2, which suggests that collisional excitation is important at the time of the observation.
DISCUSSIONS
Accretion disk emission is not the only model for double-peaked emitters. In a TDE environment, another plausible scenario that may result in a doublepeaked line profile is the emission from a bipolar outflow. However, we find the bipolar outflow model less appealing since radio emission that arises from the in- Table 2 , which correspond to the 16th, 50th, and 84th percentile, respectively. For each parameter pair, the joint posterior distribution is shown as a 2D histogram where the contours correspond to the 16th, 50th, and 84th percentile.
teraction of the outflow with the gas surrounding the central engine was not detected in AT 2018hyz (Horesh et al. 2018 ). Furthermore, none of the previous events with radio detection has been associated with the appeareance of double-peaked emission lines. Finally, the disk-plus-Gaussian model provides an excellent fit to the data with model parameters that are physically reasonable. Given current observational evidence, a Keplerian accretion disk is more likely to be responsible for producing the observed double-peaked Hα emission in AT 2018hyz.
Angular Momentum
Assuming the disrupted star was initially on a parabolic orbit, the total angular momentum of the star at pericenter (R p ) is = M GM bh R p . For the stellar debris to settle into a circular disk, the bulk of the mass must fall in a disk with a radius of ∼2R p according to the conservation of specific angular momentum. At first glance, the fact that the size of the elliptical disk (r ≈ 1.2 × 10 15 cm) is orders of magnitude larger than R p poses a physical problem. However, as pointed out in Holoien et al. (2019) , this may be resolved if the mass of the line-emitting gas is small compared to the mass of the initial star. As such, there exist several ways to transport a small amount of mass (e.g., through shocks, advection through wind, etc.) and redistribute the angular momentum quickly. We find it unlikely for the disk to spread to such a large distance through viscous processes in the observed timescale, given that the viscous timescale (t visc ≡ α −1 (H/R) −2 t dyn ) at the disk radius is on the order of a year.
We can estimate the mass of the line-emitting part of the disk by considering the conservation of total angular momentum. The total angular momentum of the lineemitting region of the disk is
where ξ 2 is the semi-major axis of the ring and e is the eccentricity. Requiring disk , we find an upper limit
Assuming the bound stellar debris has a mass of ∼0.5M , we find M disk 0.1M , which has been derived from the ∆t = 51 d observation. Our analysis of the Hα emission implies that the mass of the extended disk is small compared to the mass of the disrupted star and that significant transport of angular momentum has taken place in order for the disk to spread to those large distances.
As the debris streams circularize efficiently, viscous dissipation will continue to transport angular momentum outwards, spreading the disk to larger radii (Shen & Matzner 2014; Guillochon et al. 2014 ) and, as a result, transporting significant amounts of material into the SMBH. Our observations show that the accretion disk in AT 2018hyz extends out to ∼100R p . The smooth, uniform decline in the UV and optical bands suggests no change in the dominant emission mechanism during the monitoring period and hints at the importance of accretion operating effectively in the entire duration of the TDE.
Non-disk Gaussian Component
Theories and observations have indicated that a radiatively-driven wind may be ubiquitous among TDEs during their early phases where the debris fallback rate is thought to be "super-Eddington" (Strubbe & Quataert 2009 Dai et al. 2018; Alexander et al. 2016; Hung et al. 2019) . Such a wind naturally provides a physical origin for the broad-line region (BLR) that is likely to be responsible for the broad Gaussian component observed in AT 2018hyz and in the other optical TDEs. According to our fit, the disk component contributes half of the total Hα line flux. The Gaussian component has a FWHM of 12, 000 km s −1 which corresponds to a virial radius of ∼8.9 × 10 14 cm, or ∼110R p , and slowly narrows (≤30%) over the duration of spectroscopic monitoring. Both the line width and its lack of evolution in AT 2018hyz are similar to the broad-line emission properties of other TDEs (Figure 4) .
Broad lines are also present in many AGNs and they are thought to be produced by gas above and below the disk plane at distances from light-hours to lightyears away from the SMBH. In a TDE, the matter distribution that ensheathes the SMBH is likely produced quickly by a wind that is supported by a combination of radiation pressure and rotation. Accretion then proceeds through the mid-plane. In a geometrically thin, optically thick disk, the Hα line emitting portion of the disk corresponds to an effective temperature of about 8,000 K. Changes in the properties of the disk, such as in the rate of mass supply, naturally result in changes in the line emission on an orbital timescale on the order of weeks. This is in agreement with the timescale at which the double-peak line profiles are observed to change.
Bowen emission lines
The appearance of the N III+He II emission complex on day-51 and its persistence in all of the later spectra provides additional evidence for ongoing accretion (Leloudas et al. 2019) . This emission complex is known to be produced by the Bowen fluorescence mechanism (Bowen 1935) , which involves the excitation of several C, N, O transitions with similar energies to that of the He II Lyα photons. In TDEs with a low X-ray-tooptical ratio like AT 2018hyz, the observed blackbody spectrum generally could not produce enough ionizing photons to trigger the Bowen mechanism. For example, even when assuming a generous 100% Bowen efficiency, the blackbody emission in AT 2018hyz only produces 10 32 erg s −1 of luminosity below the ionization edge of He II (228Å), which cannot account for the observed N III+He II luminosity of 3 × 10 39 erg s −1 . Therefore, an additional extreme UV or X-ray source, likely an accretion disk, is required.
Late-time spectroscopic evolution
In the last spectroscopic epoch obtained on ∆t = 364 d, the spectrum almost fades back to the host level. As can be seen from Figure 2 , the only features in the residual spectrum is a narrow Hα emission (920 ± 60 km s −1 ) at a systemic velocity of the host galaxy and a weak N III+He II complex. As shown in Figure 4 , it is common to see emission lines in TDE spectra narrow with time (e.g. Brown et al. 2016; Hung et al. 2017) yet not with such a significant reduction (factor of ten) in width. Comparing to the Gaussian component of the spectra observed at earlier epochs, this change in line width suggests that the production site of Hα emission has moved from ∼10 15 cm to ∼10 17 cm. A similar evolution of Hα emission at late time is seen in AT 2018zr (Hung et al. 2019) . This narrow component is likely to arise from the circumnuclear gas that lies much farther out being photoionized by the TDE flare. However, since very few TDEs have spectra a year after peak brightness, we cannot yet verify whether this is trend is typical.
Double-peaked line profiles in TDEs
Liu et al. (2017) described a peculiar Hα emission feature in the TDE PTF09djl with two peaks being separated by 3.5 × 10 4 km s −1 , suggesting it was caused by an elliptical disk with extremely high inclination and eccentricity. However, this feature was only seen in a set of three low-S/N spectra where the Hα feature falls in several telluric bands and therefore accurate continuum determination cannot be achieved. Because of these complications, PTF09djl does not show a clear and robust detection of a disk.
The derived disk properties of AT 2018hyz are also quite different from that of PTF09djl. AT 2018hyz has a fairly circular disk with a moderate-to-high inclination angle while the purported PTF09djl disk is characterized by extremely high ellipticity (e ≈ 0.97) and a high inclination angle (i ≈ 88 • ). In addition, a significant portion of the Hα-emitting disk in PTF09djl (extending from 30R g to 400R rmg ) would be under the influence of strong gravitational field while the disk of AT 2018hyz locates at 1000-3000R g that is in the weak-field limit. If the Hα emission in PTF09djl is indeed produced by the debris streams on highly eccentric orbits, this would indicate that the stellar debris are unable to dissipate orbital energy efficiently following a TDE, as have been proposed by previous theoretical works Svirski et al. 2017, e.g.) . Given the data quality of the PTF09djl spectra, the difference with AT 2018hyz, and the physical implications of the PTF09djl claim, the disk explanation for PTF09djl is disfavored.
AT 2018hyz provides a more compelling case for a disk, consistent with the classical picture where a disk forms efficiently following a TDE. But even if circularization is efficient in most TDEs, as deduced for example by the detection of Bowen emission lines in their early phases (Leloudas et al. 2019; Blagorodnova et al. 2019 ), double-peaked features have not been unambiguously observed in other events. It is likely that this signature is missed for configurations in which the accretion disk is less inclined, which results in them being much weaker relative to the more isotropic, broad Gaussian component (see the Hα line profiles in later epochs Figure 7) . The disk of AT 2018hyz is deduced to be highly inclined with i = 57 • ± 13. A more face-on disk (with a lower inclination angle) may result in a more flat-topped line profile as the separation between the two peaks diminishes (e.g., the Hα emission in AT 2018zr could arise from a low-inclination disk; Holoien et al. 2019) . Despite the disk contribution being weaker at later epochs for AT 2018hyz, the disk inclination angle remains high and shows no significant precession. On the other hand, the eccentricity declines slightly, hinting that viscous dissipation continues to operate efficiently.
CONCLUSIONS
To summarize, we find that the observations of AT 2018hyz are consistent with the classical theoretical prediction in which TDE flares are powered by a newlyformed accretion disk, which in turn is responsible for producing the broad-line region. In the context of TDE debris stream evolution, we find the first strong observational evidence for prompt circularization following the disruption of a star. This accretion is accompanied by vast amounts of energy release that results in a wide range of key elements of the flow patterns, all necessary to explain the salient properties of TDEs and are highly-reminiscent of the well-studied phenomenology of steadily-accreting AGN. These are an accretion disk, responsible for generating the bulk of the power, and an extended gaseous envelope, responsible for reprocessing the radiation as well as producing the broad line features. Whereas AGN are supplied by a steady stream of fuel for thousands of years, TDEs like AT 2018hyz offer a unique opportunity to study a single SMBH under a set of conditions that vary dramatically over months. For this reason, studying objects like AT 2018hyz provide the firmest hope of understanding the physics of accretion disks around SMBHs for a wide range of accretion conditions. Table A2 continued Table A2 continued Table A2 continued Table A2 continued Note-All the data presented in this table have been Galactic extinction corrected. We did not perform host subtraction on the Swift UV data since the host contribution is negligible. On the other hand, the Swope data are host-subtracted.
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